Found sporadically in late Palaeolithic and Mesolithic contexts, grooved abraders are among the most common tools found in Linear Pottery and Villeneuve-Saint-Germain settlements in northwestern Europe (5,100-4,700 BCE). This paper presents an overview of the technical and functional characteristics of these tools in early Neolithic domestic contexts. Despite different blank morphologies and sizes, these tools tend to be relatively small in size and are generally not shaped. They are characterized by the use of a very specific raw material: low cohesive and generally ferruginous sandstones, chosen because their abrasiveness is enhanced through use. A classification of the different types of grooves is proposed, based on their shape, depth, section and localization. These characteristics are combined with use-wear analysis in order to propose a number of functional interpretations. Far from the widespread hypothesis that these tools functioned as shaft straighteners, we argue on the basis of the use-wear analysis and archaeological associations of items that these tools were primarily involved in the manufacture of bone and lithic tools, as well as of schist and limestone personal ornaments. They are evidence of the generalization and diversification of polishing and abrading techniques in the technical system of the first Neolithic populations. As such, they contribute to defining a whole new technical paradigm and are an essential element in any definition of the Neolithic.
Introduction
The definition of "grooved abraders" covers a wide diversity of types found all around the world and in very varied chrono-cultural contexts, from Africa (Huard 1966; Gaussen & Gaussen 1988) , to the Middle East (Solecki & Solecki 1970; Balkan-Atli 1994; Aurenche & Koslowski 1999: 65 ; Christensen & Valla 1999; Rosenberg et al. 2012; Molist et al. 2013) and the central Asian steppes (Usacheva 2013) . These ethnographic examples document the use of such abraders for different activities, especially the shaping of mineral and vegetal objects. The use of long grooves with U-shaped cross section has been described for straightening arrow shafts in hunter-gatherer societies such as the Bushmen (Dunn 1931: 69-70) or the Plains Indians (Flenniken & Ozbun 1998; Adams 2002: 82-87) , to take but two examples. The use of grooved abraders for the shaping of strung circular beads has also been documented in northern Africa (Camps-Fabrer 1960; Huard 1966) . Based on these ethnographic parallels, the function of these implements has long been limited to one or two hypotheses.
In Europe, grooved abraders are known since the late Palaeolithic (De Beaune 2000: 105-108) , and are found regularly on Mesolithic occupation sites (Rozoy 1978: 973-975; Gob & Pirnay 1980; Loftus 1982; Bolus 2012) . They show an astonishing homogeneity of raw materials, morphology and dimensions throughout a long period of time, a fact which cannot be explained without taking their status and function into account. Our technological and functional study of the different grooved abraders from several early Neolithic sites in Western Europe led us to re-evaluate the exact function of these tools. We argue that in the new technical system that developed with the Neolithic, grooved abraders were involved in more varied activities and technical operations than during the previous periods, illustrating diversification in the use of grinding and polishing techniques for a wide range of tasks.
Materials and methods
The introduction of a Neolithic economy in northwestern Europe is dated between 5,100 and 4,700 BCE cal. It is characterised by the settling of farming populations in typical longhouses organised in villages. In these contexts, most of the archaeological artefacts come from refuse assemblages, found in the lateral pits bordering these houses. Their composition accurately reflects the functioning of the household (Allard et al. 2013; Gomart et al. 2015) .
Among other activities, the daily processing and consumption of cereals is materialized by the ubiquity of grinding tools within the village. Other important technical innovations are part of the linear pottery package, such as the use of abrasion for the manufacture of stone and bone tools, or of typical shell, schist and limestone ornaments. The production of ceramic also requires tempering material, made of crushed bone, flint, and crushed pottery. Such emblematic material production of the first farming populations in Western Europe required technological developments of the stone equipment that archaeologists have traditionally referred to as macrolithic tools. Relying on the analysis of about 1400 of these macrolithic tools, from 20 Linear Pottery sites and 23 Villeneuve-Saint-Germain sites in northern France and Belgium, our research allows an overview of their role in subsistence and craft activities.
Abraders are among the most common tools found in these contexts, where abrasion and polishing techniques are widely used for the manufacture of personal ornaments, axes and bone tools (Hamon 2006: 57-58; 2008) . A complete analysis was conducted on 114 abrading and polishing tools from 13 of these sites (Table 1; Figure 1 ). It took into account not only the selection of their raw material, the morphology of their blanks and grooves and their shaping sequence, but also their use-wear analysis.
Depending on the origin (site, year of excavation), storage conditions and raw material cohesion, the tools were cleaned by a simple hand washing in water or by soft brushing, in some cases completed with a more accurate secondary cleaning. This analysis was primarily based on a low power approach, up to 90x magnification using a stereomicroscope (Nikon SMZ 800), following a dedicated framework developed for macrolithic tools. This methodology relies on the characterisation of several use-wear traces on heterogeneous rocks, including grain extractions and microfractures, degree of levelling of the microtopography, edge rounding of the grains, and development of a micropolish or sheen (Hamon 2006; Adams et al. 2009 ).
Interpretation of the tool's function after use-wear analysis relied on comparisons with a wider experimental referential (n=92) developed for the analysis of sandstone macrolithic Through this paper, we propose a critical synthesis of the role of grooved abraders within the early Neolithic technical system, relying on a renewed techno-functional classification of the different tool types. Focusing on previously published examples, we demonstrate that far from a homogeneous toolkit, grooved abraders contribute to different tasks and craft activities.
Results

Raw material
The grooved abraders analyzed were always made using the same kind of raw material. Whatever their geological origin, the chosen sandstones share the same characteristics. They generally exhibit a low level of cementing and cohesion and are composed of quartz grains together with ferruginous and glauconitic inclusions. Such properties provide systematically sharp grains and a high degree of surface abrasiveness. In addition, the grains frequently detach and interact with the transformed matter as an additive, in the same way as sand, for example. The grains composing these sandstones are quite well-sorted, which is a condition for obtaining regular and homogeneous surfaces during the abrading operation of the worked piece.
The combination of all these characteristics clearly highlights the fact that maximum rugosity and abrasiveness of the surfaces were sought-after properties, together with permanent efficiency due to the constant removal of the grains and surface renewal. Consequently, the use-wear traces are constantly being removed from the surfaces together with the grains themselves. This explains the low intensity of development of the traces observable microscopically and also explains the limits and difficulties involved in developing use-wear analysis for such tools. The current study of grooved abrader function will focus primarily on examples made from more cohesive sandstones. Figure 1 . Map of the 13 sites where the study of the macrolithic tools was conducted: a. Berry-au-Bac -le Vieux Tordoir; 2. Cuiry-les-Chaudardes -les Fontinettes; 3. Bucy-le-Long -la Fosselle; 4. Bucy-le-Long -le Fond du Petit Marais; 5. Bucy-le-Long -la Fosse Tounise; 6. Trosly-Breuil -les Obeaux; 7. Ocquerre -la Rocluche; 8. Colombelles -Le Lazzarro; 9. Betton -Pluvignon; 10. Remicourt -En Bia Flo II; 11. Fexhe -Le Haut Clocher; 12. Oleye -Al Zèpe; 13. Waremmes-Longchamps.
Most of these kinds of sandstones are available locally, within a radius of 5 to 10 km from the sites: this is especially the case in the Paris Basin where Thanetien sand stone levels were frequently exploited and easily accessible (see Figure 2 ) (Hamon 2006: 18) . In the Armorican Massif, Brioverien and "roussard" (reddish) sandstones are the preferred raw materials for grooved abraders, and they display diversity in their granulometry and sorting (see Figure 3 ) (Gaumé 2007; Billard et al. 2014: 246-247) .
Some specific cases should be noted. When grooves are associated with other working surfaces, which may or may not have been for abrading operations, the raw material may be of different quality. In this case, more cohesive sandstones are generally involved. In the same way, certain objects made of abraded hematite also show occasional grooves on some of their sides (Billard et al. 2014: 256-257) . (2016) 
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Morphology
In western European early Neolithic contexts, grooved abraders are made using a wide range of different blanks, to the extent that it appears that the morphology of the blocks and fragments used plays absolutely no role in their selection.
The fragments tend to be small in size, generally between 5 and 10 cm. The working surfaces generally associate a large surface of abrasion with a more or less centred groove created either by shaping or use. The morphologies of these working surfaces are diverse, varying from concave to convex. They are characterized by intensive use of the available surfaces, as most of the tools show several working surfaces and grooves on several of their faces. This underlines the fact that the raw material was sought after and its use was optimized.
Within the wide range of grooved abraders recorded, it is evident that certain specific types of blanks were sometimes selected. For example, on the site of Menneville, which is located tens of kilometres from the available outcrops of glauconious sandstones (the usual raw material used in the Aisne valley, France), several grooved abraders were made using quartzitic sandstone flakes, which was selected from the refuse of the first stages of quern shaping ( Figure 4) (Allard et al. 2006 ). One type of abrader is characterized by a specific morphology and dimensions of the entire tool as well as of the groove itself. Two examples of this type of abrader, one from the Linear Pottery site of Etigny "le Brassot-est" (Yonne valley) and another from the Villeneuve-Saint-Germain site of Trosly-Breuil" les Obeaux" (Aisne valley) are very similar in morphology (Figure 2) (Allard et al. 2006) . They are semi-oval in shape, semi-circular in section, and feature a central longitudinal groove, with parallel sides and an open "u" section. This category may correspond to grooved abraders used in hunting-gathering contexts and may be interpreted as shaft straighteners. However, their probable function cannot in itself explain such a morphological and technological standardisation, which could also be related to their particular, maybe cultural, status.
Shaping
Most of the grooved abraders show no traces of shaping, an observation which fits with the high degree of variability in tool morphology. However, within a specific category of abraders, it is clear that there was a certain degree of "standardization" in terms of their shape, dimensions and surface treatment, which was obtained by intentional shaping. As shown by the technological study, the back and sides of these abraders were shaped using fine pecking and regularized by polishing, in order to obtain a regular semi-circular section.
One of the main questions is whether or not the grooves were pre-formed prior to use. The main face was polished so as to obtain a flat surface. But the groove itself was probably pre-formed, as attested by frequent traces of fine pecking still visible under the use-wear traces on their lowest part. This pecking, at least in some cases, was used to produce a regular and standardized cross section.
Such treatment of grooved abraders can be explained in two ways. First, these types of abraders were sometimes used in pairs, as suggested by their deposition in tombs (Farruggia 1992: 41) , and, therefore, required a certain degree of standardization in order to function efficiently together. Second, their deposition in tombs also suggests that these tools were personal property and that a certain status was attached to the activities for which they were used.
Classification of the grooves
A classification of the different types of grooves can be proposed, based on their shape, depth, localization and orientation ( Figure 5 ):
• one or more curvilinear, crossing grooves of various lengths and orientations (Figure 5a) short, wide grooves, generally parallel and located on a single face(length less than 5 cm, width up to 2 cm) ( Figure 5b ); • a single, narrow, centrally-placed, longitudinal groove (width less than 0.5 cm) ( Figure 5c ); • one or groups of pointed grooves with different orientations, the wide base of these grooves is located on the edge of the abrader ( Figure 5d -e); • a single, large, u-section, centrally-placed, longitudinal groove (Figure 2) .
Such variety in groove-shape and localization clearly reflects diversity in some aspects of their use for shaping of hard or semi-hard materials. Furthermore, the morphological and technical characteristics of these tools indicate a lower-(or passive-) use for most of these abraders. However, in some cases, it is impossible to determine whether these hand-held abraders were used solely in a passive position (i.e. with the object to transform being rubbed against an abrader), rather than in an active one (i.e. the abrader being rubbed against the object to transform). Both gestures may have been used.
Use-wear analysis and function
By focusing on several examples of use-wear analysis on different types of grooved abraders, we propose to reconsider their function in the context of the domestic activities carried out by the first farmers.
As a first example, the use-wear analysis of early Neolithic grooved abraders associated with the production of beads and bracelets shows that these tools were used for different tasks and operations.
A set of three grooved abraders were found in two pits associated with a house on the Linear Potterysite (RRBP phase) of Marolles-sur-Seine "le chemin de Sens" (Seine valley, Augereau & Bonnardin 1998) . Within the pits, these abraders were associated with 163 circular shell and limestone bead roughouts, some of which were found inside a pottery vessel, and 213 drills made out of flint. This assemblage was clearly part of a workshop for the production of personal ornaments associated with one specific domestic unit (Figure 6 ). Made of moderately cohesive sandstones, these abraders show no traces of pre-forming. Up to three grooves were used on each abrader. The grooves are short but wide, and their widths (between 1 and 2 cm) are comparable to each other morphologically and also correspond to one of the circular beads. The sides of the grooves are parallel, except at their ends where they appear to widen. Their section is more or less of open "U" shaped profile. They are sometimes delimited by a rim, polished in the continuity of the groove itself. Despite the lack of use-wear analysis on these abraders, their spatial association with shell and limestone bead clearly suggests a probable use in the production chaîne opératoire of limestone or shell beads.
Several studies have also been conducted on the emblematic bracelet production contexts in the Blicquy-Villeneuve-Saint-Germain culture. Several workshops have been recognized in two regions where schist is available. In Hesbaye, a workshop for bracelet production was identified on the settlement of Vaux-et-Borset (Caspar et al. 2005) . In the Sarth region, on the border of the Armorican Massif, several workshops were discovered, sometimes directly associated with quarries (Marcigny et al. 1999; Giazzon et al. 2002; Gaumé 2007) . On these sites, a complete lithic toolkit, composed of flint, sandstone and schist implements, were involved in the manufacture of bracelets, following two different chaînes opératoires. Within the toolkit, a series of grooved tools made of coarse sandstone have been identified. In the Sarth workshops, abraders displayed grooves of varied morphology, from linear to curvilinear, sometimes with pointed ends.
The grooves were either pre-formed or resulted from repeated use on the same part of the tool. One particularly large example of a grooved abrader (2.6 kg) was probably used in a lower (passive) position. Two grooves of semi-circular section are located on two opposite faces. The grooves measure on average 0.5cm in depth, 1 to 2 cm in width, and 3.5 to 7.5 cm in length. The groove profiles of other abraders correspond to sections related either to the internal or external shape of the bracelets (Figure 4 ). The localization of these grooves implies a modification of the position of the tools during their use, while their morphology and depth sometimes imply long durations of use. The "lenticular" shape of the grooves is characteristic of the abrasion of the sides of the bracelets. On the most highly cemented sandstones, usewear is characterized by mechanical abrasion, together with a lighter crushing of the well individualized grains: These patterns are indicative of the abrasion of mineral matter. These abraders were undoubtedly used for the shaping and sharpening of elongated surfaces using a longitudinal or circular movement of abrasion (Hamon 2006: 131-132) .
The second example comprises a grooved abrader found on the site of Betton "Pluvignon" (Brittany, France) (Blanchet et al. 2010 ). This abrader is one of sixteen abrading tools found in several pits within the settlement, among which three lower polishers and eight hand polishers were also identified. In fact, all these abraders share several characteristics: They were all shaped from the same fine Brioverian sandstone and show comparable macroscopic use-wear with very homogeneous surfaces (Figure 7) . Consequently, the principal question posed by this assemblage is whether or not the tools were all involved in the same chaîne opératoires of production.
A large lower polisher (29x20x12cm; 5.2 kg) shows six successive zones of polishing on its main surface, and several longitudinal grooves, together with three pointed ones, on its sides. Morphological and use-wear analysis of these grooves suggests the (re)-sharpening of points or edges of tools made from hard animal-derived materials. The eight hand abraders show two to four concave abrasion surfaces, in line with their being used with a longitudinal and semi-circular gesture. The regular deformation and depth of the working surfaces indicate that they had quite a long duration of use. Again, the use-wear traces suggest their use for the manufacture of tools made from hard animal-derived materials.
Finally, we shall consider the case of the grooved abrader made of less well-sorted sandstone. The longitudinal groove has a semi-circular section and convergent sides.
Microscopic use-wear analysis shows that the grains remain well individualized, show irregular surfaces and are sometimes removed from the surfaces, along with regular longitudinal striations. By comparison of the experimental referential, this combination of traces clearly indicates that it was used for processing hard animal material. The analysis of these tools indicates that they were all involved in the shaping of different parts of bone tools, using different motions (linear back-and-forth, rotation, on flat surfaces). In this specific case, the grooved abrader is not an indicator of a specific activity, but corresponds to a specific stage within a more complete chaîne opératoires of transformation, in which other stone tools were required.
A third case study based on two of the six grooved abraders from the village of Ocquerre "la Rocluche", however, demonstrates that similarity in tool morphology does not always indicate a similar function . Two massive lower abraders show a combination of flat polishing zones and several grooves on their faces and sides (Figure 8 ). The first abrader is made of quite coarse sandstone, and features two groups of grooves on its main face and its end. Its primary face displays two main grooves, one with parallel sides and open "u" section (7.9 x 0.8 x 0.4cm) and the other with crossing sides (4.2 x 1.5 x 3cm), together with two superficial oblique grooves (3.4 x 0.9 x 0.2cm). On the distal end of the tool, a large lenticular and curvilinear groove with "open" semi-circular section was pre-formed by pecking. The use-wear analysis clearly shows that these grooves were used for the shaping of tools made from hard, animal-derived material (Figure 8a) .
A second tool, consisting of a massive block of more than 12 kg, features a large flat polishing zone together with up to nine grooves on its sides. The main working face (38 cm long) is covered by homogeneous smoothing of the surface. Its side features no less than six long grooves, separated from each other by a smoothed rim. Three of these grooves are more or less rectilinear (8 to 12 cm long and up to 3 cm deep) and are composed of a series of concave alveoles with open profiles. Three other contiguous grooves are present (each forms part of a single longitudinal groove), which have a maximum length of 3.5 cm and a maximum depth of 7 mm. The use-wear analysis of the grooves indicates a high degree of surface levelling and a certain density of micro-fracturation of the grains, which indicate by comparison with our experimental referential, that the tool was probably used for abrading a hard, mineral object (Figure 8b ).
These two examples show that the association of a flat polished surface with longitudinal grooves on massive blocks may indicate that the abrader was used for different activities. In one case, the most plausible possibility is related to the shaping of bone tools while in the other, the polishing of stone adzes seems the most reliable hypothesis: Both activities were an important part in the technical system of early farmers.
Discussion
Based on the shared characteristics of grooved abraders, they show a low investment in their conception. This statement is based for most tools on the choice of small fragments of varied dimensions and shapes, generally showing no shaping of their general morphology or of their working surfaces. The intensive use of these fragments, sometimes with several grooves crossing each other, is another element to take into account. The only constraining criterion is the choice of the raw material which should possess specific properties: hardness, low cohesion and grain sorting.
The importance of the raw material criteria also explains the optimization of the blanks, even when the raw material is locally abundant, which is the case for most of the early Neolithic sites in the Aisne Valley, for example. Only one type of grooved abrader shows different features, which correspond to a specialized use (Allard et al. 2006) . The "shaftstraightener" type is characterized by distinctive morphological and dimensional features. The specific investment put into this tool not only involves an adapted raw material but also fine shaping of its back, sides and pre-forming of its working surface. Because it requires specific stages of manufacture, it cannot be considered an expedient tool. The specific production The context of discovery and use of these tools throws light on their status within the technical system in a particular way. As highlighted by the examples presented above, abraders are generally found in domestic contexts: In the refuse pits adjacent to houses. Nevertheless, as indicated by the use-wear analysis and the context of the finds, they are generally not used alone, and often belong to "domestic" workshops. Moreover, their use is always related to specific stages in the processing of tools or ornaments. This makes them a good indicator of the existence of craft production which tended to be organized in specialized workshops.
These activities may have been occasional or more regular in frequency. They may have been practiced by occasional or specialized craftsmen in a specialized area within the domestic unit. In the case of the shaft straightener type, their deposition as offerings in tombs throughout the early Neolithic of Europe also stresses their special status (Pavlu & Rulf 1991: 336 ; Farruggia 1992: 41) . In particular, the question arises whether these tools were part of a specialised toolkit that was the private property of an individual. The tools may have been associated with the status of the user, if not the owner, during their lifetime and beyond in the afterlife.
Above all else, these examples highlight the fact that grooved abraders were used for many different parts of the technical system. Far from the widely accepted hypothesis that the grooved abraders were essentially used as wooden shaft straighteners, the use-wear analysis and archaeological association of items, reveal that they were closely associated with the manufacture of bone tools, stone adzes, schist bracelets and shell beads. These products all had high cultural value among the early Neolithic cultures of north-western Europe. The generalization of abrading and polishing techniques for the manufacture of a large part of the material culture represents one of the most important shifts characterizing early Neolithic contexts and was accompanied by two other phenomena.
First, the diversification of the abrading tools involved in these chaînes opératoires illustrates that specialization was taking place in the related techniques. Second, it suggests that there was growing specialization of the craftsmen themselves and a complexification of their know-how, even though the economic context in which they were working remained, at least partly, domestic. We could even go a step further by suggesting in a broader framework that the specialization of these results may offer us a renewed vision of the structuration of the activities within the domestic versus collective space, as proposed in other recent papers on the topic (Bostyn 2003: p. 267-279; Hachem & Hamon 2014) .
Conclusion
The technological study of grooved abraders found in the first Neolithic settlements in north-western Europe is particularly relevant for the identification of the increasing role of abrading techniques in a wide range of craft activities, from routine daily activities to those with high cultural value. This study demonstrates how the generalization of these techniques for the production of a wide range of objects, from tools to personal ornaments, was accompanied by a high degree of adaptation of these tools in several chaînes opératoires of production. In a sense, this highlights from a new perspective the high cultural value attached to the production of polished and abraded items at the beginning of the Neolithic. As such it contributes to the definition of a completely new technical paradigm and is one of the essential elements for defining the Neolithic.
